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09lC^-ra:e){C, MQW31!3fcJ»8<Z> [0 0 0 1] ^faflffo * »J x*;i/=?- A 

9 ©£8»*ilfcl:, p - A 1 G a Nj^e>&& P-^77KI10 CD^M 5 ^ 
$|lCjt^T/jN$ ^(DX% n -i^iiil 9 <Z)JB#f^l± p-^5f KM 1 0 ©JB#r 

[0 0 84] 
[0 0 8 5] 

££>IC, pS^iH/T^«Mg^Plil8 a*tI^#Fl8 bffi [0 
0 0-1] #|hJ#Jo£ KM7{HH©#®fc^"tS^{C#< K-^£*l 

®h^*TS^$^2 nm©gP#lC©»Mg# F~:/£*l> it!8 a *T**^# 
fI8 b<z>p-*^yFJfi 0M©|?.®i:^Sff:$^j2 nmOMtCMgttK 

[0 0 8 6] 

Mg©F-^Ii:L/tH lX10 17 ~lX10 21 cm" 3 ^tb^ t pI^ 



2 0 



miiE# 2000-3100096 



if$5p 11 — 371745 

nm0i^C2 X 1 0 10 ~ 2 X 1 0 14 c nT 2 jg,gtf>ig^lC p K 
-tr^UT*^. pM^^ilLT, Mgg^CBe, Ca, Sr, Ba, 
Zn, Cd, Hg^SrfliVvT^iiV^o 
[0 0 8 7] 

09 ic^i -Mc i^FM8b© [oooi] 
i-£n-^#«MM9#7£j&3*lTV^CZ)T% 0 1 0 IC^J: 3 JC, [0 0 0-1 
Z> 0 ZtilZ&V^ JE«^©fe»lc^bfe4^FM8 b <Z>«&43@B#^4> L 
[0 0 8 8] 

18 a*l?a^#^«8 b(D [0 0 0-1] ^faflffoii l Jn-^77 Kf7«I©# 

mt.m-tz>mft\z&< F-zfztiT^zw. mi oiz^-t^ok [ooou 

[0 0 8 9] 

(5) |5©^ii 

hi lfc.ttmi 2 (DmmM&^mibis-vmtt&v zMQwftytm 

8 ©x^;i/^r- Ay K0T?&£ o 
[0 0 9 0] 

011 IC^-T <fc?lC MQW^M8CD [0 0 0 1] ^t^flffo* »JX^M- 
Ay K^J@fi£Dlftv%{Batc. MQW^M8lcJ£^T*£&£S1OTi!@£^U K-J— 

f^tll 9 (Dgffi&ffitt, p-AlGaN^e>^p-^7^KI10 (DmM 
=^l|llCjt^T/jN$ V^T?, n -&mnMM 9 <Z>M#MPkfc P - ^7-yKHO (DM 



2 1 



ffifiE# 2000-3100096 



#3* 11—371745 



[0 0 9 1] 

MQW^M{Cjt^T^^^0f^iPsS:*-tS^«MMtt> MQW0 
A > K_t$gj © x * ;i/ v e> *i S . 

[0 0 9 2] 

3*>IC, nS^««fcbT«iL«.S i#»gJS8 a (fn?*?*^* 8 b © [0 

0 0 1] ^iftUTo* Up-^yKIl 0{ffltf>#W£grrs3|S3Hc#< K-y$ 
*lTV>£o 0k&mK.&. mmM8 arpX°m*#PM8 bCDp-*^y KJf 1 0« 
<Z)#ffi£^Sff£^2 nm©&S#fCtf)* S i#K-:73*U iSff8 aif»*« 

[0 0 9 3] 

SiOK-^IfcLTH lXl0 17 ~lXl0 21 cm" 3 /i)WtbK nS^ 

*k£, 8 a tp'VM^RT'M 8 b 0) p - ^ KM 1 0 {ffltf>#ffifr e>^^$& 

1 n m<Og|$^lC 2X1O 10 ~2X1O 14 c m~ 2 @^©^lC n M^mW £ "rfr % 
K-tf^LTfcJ:^. nS^fetlT, Si^lCGe, Pb, S. Se, 

[0 0 9 4] 

*mMfflT*l,Z. mi HZm-t i^Fl8 b© [0 0 0 1] 
*.»jx*/i/i|f-A:/ K^JSB ©i© v vffj icm Q W^^M 8 {cjt^ T :* £ fcilM^ilg £ 

^i-5n-^mMS9#^£*iT^s©-T?, hi 2iz^-t^t>iz^ [ooo 
-l] ^i^Kim^o^a^c. m*£4yt>itLfeF+-m&£tf&m®iz&M 

[0 0 9 5] 



ffiliE# 2000-3 100096 



11—371745 



mm 8 a tpT*m*#pm 8b© coooi] ^irkwo * y p - ^ ^ y km i o « 

©#ffi£^-r<58P3Hc#< K-^SftTV^SCDT?, 01 2tCj^<fce>K [0 0 0 
-l] #falc«^<z>3&g&#£E, «^i:>f*>ftbfenS!3K«fti:^a!IS»K:^JK 

[0 0 9 6] 

Mxil »2feJ:0f»3©^ifi«S:j|i*^i)'frT : bi:<, f2, ^3^«fc^4 

[0 0 9 7] 

(6) ^6©^III 

01 3fc<J:tf® 1 4 «^60^JIMcD^#ftl/-if^lc33^SMQW^® 
8 ©:t*/l^-/t> F0t*^5 = 
[0 0 9 8] 

«6©HJfe«t4, 0131C^J;^C, $2®mi9££3<Z>£jKft£&XB& 

-£fc>-&fc%©T*&3., *Hlitit MQWMI8© [0 0 0 1] ^fojfijo* 
»;oL^^/^-/t> K^UOi^flUlC MQWM 8 tCJ£^T*^&3l$iHi<i$: 
m U K^— nStt««^«S fttz. GaN^^Sn -*£#mMM 9 *IT ^ 

So 

[0 0 9 9] 

£*>IC, &mnWT*lZ. P S^itt'feSM g ^*^#Fl 8 btfi© [00 0 
-1] ^ftHW^* »J n-*^y KM7{BfflC#< K-y^^e^il^lC. nl^ft 
i^#Fl8 b tfiCO [0 0 0 1] ^l^(R!lo^ »J p - * 9 s> KM 1 0 

nlMT'feS Si© K-fcr>:mgan2i£^t^l§lirCoV^^bTV^ 0 



ffi$E# 2000-3 100096 



11—371745 



[0 10 0] 

^mmmx'it. mi 3ic*rr<fc?&c, t^#Fi8b© coo on -jj^m-D 

£ »;x^;i/^-7t> F^J@S<Z)lSv^{|I^CMQW^M8^CJfc^T^:^^f^^^^PS$: 
tt5n-^iilI9 *iTv^©-e, 0 1 4 izm-t&oiz. [0 0 0 

-l] #ffl»c»?<z>5£tt#£&, «^£^>ffcLfcF^-m&£#£P^imc#^ 

[0101] 

© F-t^>^lc<fc ®l 4 {c*vr<fce>tc, m^£lE?Li:#*ii«£*u K-tr> 
[0 10 2] 

[0103] 
[0 10 4] 

(7) m-7(Dmmm 

Ml SiS&Tfmi 6&m7 (DmmW&^m&U-Vm^lZtett&MQWftybM 
[0105] 



ffiSE4# 2000-3100096 



11 — 371745 

^-erfc^tD-e^^c *H«S«T?», MQW|§^M8(D [0 0 0 1] ^Inlflffo* 
yx^/l/^-A:/ F^@e<Z)l^VNMtc, MQW3SftM8lcjt^T*^&£§fS!l 5 ^ipS& 

So 

[0 10 6] 

b© [0 0 0-1] #|nJ<8fo£ y n-*^y FM7M<Z>#ffi£^&3P3HC#< K 
-y^tlStiltlC, nS^«f$S S i ^itl8 acfiT**^FM8 b© 
[oooi] ^ffiiMo* »Jp-^7^ KM l 0M<z>#ffi£grrs$flc#< F-^ 

5S iffi F-l^>^g>W2&^L^m^OV^*tUT^£o 
[0107] 

*HI^T'ii, 01 5lC^-Ti:e>tC, I^F«8b© [0 0 0 1] #|«HH!lo 
^5n-3£#«MM9#^&£;riTV^<Z>*e, 01 6lC^-r«t:e)C, [0 0 0 

-i] jfmzm*(D®m-tf£.v. m^n-i^yithr^^i—m&.t.^mmiz^m 

[0 10 8] 

fcf>^lCJ:»;. 01 6lC^iT-«fce>lC. S^hlE?L£:#*f«£*U F-tf>yjCJ: 

i: K <fc y , ft ic|g£ L a e> &cM'j>-r * c -e <z> 

[0 10 9] 



fEIE4$2 000-3 100096 
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[0 110] 

(8) naommw 

mi us^vmi 8 i*m 8 (DmnM&^mibu—ifmttisvf smqwm 

8 ©X* A^r-7t> K®Tr&£o 
[0 111] 

m 8 ©^ug^m*, 01 nz^t^^iz, f$2<Dmmmnm^ mqwm 

8© [0 0 0 1] 2ffiMWo* y K^j@B©l«^ffi!llc. MQWM 

3£#mMJI 9 $ ti T V \ S . 

[0 112] 

^5 e>fc, P £ ITMA «M g F - :/S ftfc* 2 ©HJfcM© 

S i © K-t?> 5X1 0 16 ~ 5 X 1 0 20 cm%J bVN 0 

[0 113] 

^JSMT'li. 017 IZTjk-t J: e> ic, 8b© [0 0 0 1] ^foifillo 

* y:n*/l/3f-/t> K^ffi©]^V>ffiiI{CMQW^3 l fcM8lCjt^T^:^J&^M^im$: 
^*SnH£**a«9#Jgj£S*lTV^©T*, 01 8 JC^^" «fc r> IC, [0 0 0 

-l] ^raica^©^^^, n*ii4Jt>itvitFi~-m&t.ifi&fttoK&m 

[0 114] 

££ic. 3Mgilfl!T*tt, 01 7lz^£oKpM^ffi®£.LTMz-&Msi>m 
?^I8 btfi© [0 0 0-1] ^l^lffillo* y n-*^y K*7HHC#< K-^S 
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[0 115] 
[0 116] 
[0 117] 

h i <D*mw \s—*f m^n&mhmik^m&m m o v p e m\z <t y -9- 7 r 

(TMA 1 ) , N'J^fM'JfA (TMG a ) % h y ^>f (TM 
In), NH 3 , S i H 4 , Z/9 n^># V^—fr-*?* i/V 2* (C p 2 M g) 

[0 118] 

019 lC7jt^<fc o iz* ltSI?:6 0 0iCi:§^ if7r>fT^lJ: 
\zm& 1 5nmgI©/t-v7 7i2Wf5„ &{C, 1 1 5 0TUC 

^3 0. 5 /imII©7>K-^GaN!3, ^£ 4 AtmS^<Z)S i K~ 
^GaN^e)^Sn-3>^^M4MtS„ S^IC 8 8 OX 

KMt>. m^O. 1 /tm|l0S i F-^Ga 0 95 I n 0 05 N^e>ft5n-?7 
v ^R§ihM5 5:^^So r^ic. SMII:1 1 5 0TC{C«*», J^SO. 4 5a 
migSfiDS i K-yAl 0<15 Ga 0 85 NA^^5n-^y KJf6 % 
5 0 nm5g^<Z)S i K-^G aN*^^5n-^5^ Fl7Mt5. 
[0 119] 



ffi§E# 2000-31000 9 6 



i 1 — 371745 

f$ 1 (DMMMIZ l&^Tl*, IffiII:8 8 0X:K:^, I350nm 
01 nGaN^f,fi;SfIi)im5M8l:n-^7^ KM 7 JtlC^fjTr 

[0 12 0] 

— m2~^8CD||^MCfeVNTli. 8 8 0r{C&*>, J¥2 4n 

m^OT> a N^£>&£> 5l0Hil8 a 4 nm^^T^ K 

-^©G a Q 85 I n 0 .15 nN ^^ j:54i ® i ^ i8 b &£SfcflUiU G 
alnN^^fJ, #S*^^«5t (MQW^ig) ?:ftS^l8^Mt 
r©|£k 3§2~^8©mgWCt£oT. MQW«jg5r^-r^^M8tt«lCp 

[0 12 1] 

8§Mbfct, 8 8 OT^lC^t), I§4 0nmiI©n-GaN)i)> 

?>&§n-l#Sil9^U f©tS«MI:115 0iC{C^, 0 
. 4 5 ittni^£g©Mg K-^"A 1 G aN^?>ft5 p-^5v KM 1 0 , ^£ 5 0 
nmgIOMgK-yGaN^^5p-^>^Il 1 &7£j&i-£„ JilHO/t 
777f2^P)p-^^>y^Il 1 ^Trtf^JlfciU ^ffiCMOVPE^Ci'J 

fcfc, n-liiSI9 tLtSMS?: 1 1 5 OTCtMtf S 
K- Zf^ ntc G a N L % X J: 

[0 12 2] 

^<Z>^> 02 OC^^IC p-^r^^/^Il 1±©^WC {«itfECR 
(t?f>fi'nhD>M) ^7X"7CVD)£lC<|: *K m& 0. 2ytimS,g<Z)S 
i 3 N 4 ^©i/'Jn>ift^f,^iMli 4&^f5 0 mz^ yith 

[0 12 3] 

#C&C, 02 1 lC^-r«fce>lC, ^«7 6Torr(DiEMOVPE^i;±y, 



2 8 



ailE# 2000-3100096 



1 1 — 371745 



£ 3 ~ 5 *i mCDMg F- a Nj^fcS P -=r> # V Ml 2$:^tS 0 d 
<DV&. V-*W7MI l©I{filfe^Cl^lCp-GaN^t5J:o 
tC, ^«^#S:^iC^i-S 0 i«SI5:ISll0 0T:±#$t, NH 

3 ©^A £ i& 3 ^icif #11 
[0124] 

p-GaN«U «^®8&1 3lCfe^Sas^**^$*lS, 
114 ±.iZ l± p — G a N V & 5ltiif £ P 

-GaN^iJIiS&l SJilC^S-r-S^il^^ 1 3±{C^bfcp- 

GaN<Z){B!l®^e>SI^[RliCM^^^b. «»^I14±{:p-GaN^ 
6;5:Sp-a>^^ hil 2AW$*i5. #H;U£, «8f£ji{& 1 3 \z.2bt=.Z>m& 
£tfM>i:bTiPI$j8 ittmT?p M l 2*^^StiS D 

[0 12 5] 

ZKZ>*§JH. p -**?VZfM 1 Up-3>^^hI12 ^liips2 /im^tf)* 
h^>f ^©SSSdMJ&I 3T*g^£4"U p-^'^II li:p-3>;5f^M 
12h©^tCi±. «$£MS&1 3 tf>gP#&|&^T. ^£0. 2/tmig©Si 3 N 

4 e>fc£«^^Ji 1 4 
[0 12 6] 

02 2 JC^f i-MC * #;W**;i3<fctfE B («^-fcf-A) 
m^X. p -:3>#? Ml 2 ^-g-tfM^C 1 0 <(mil©^ h^>f 

^^T'^S 3 — 5 /tmN i|^S:^lp-r<5o iH^TX^tlTffiVV 
AifCF 4 **-v^y>f15^}L UTMK (R I E) & 

ICJ:*;. n-n>^^M4^iffit5*f, P - 3 > # V hM 1 2 n - * 
59 VWltMS **eS:^-9-^lCai-/^>^-r-5o ?^ ? t ITS V^N 

[0 12 7] 

£e>tC 02 3 IC^1"J: cite. S i 3 N 4 ^lil 7 SECR^7X7C 
VD& 7*hyy^77-fJ3it;x«yf >^(C<j:y p-3>## Ml 2^e> 

2 9 ffi|E# 2 0 0 0 - 3 1 



#3* 11—37174 5- 

4 (3DJt®lC^-rS„ fit, n-3>^M4©ga}Lfe^S±i:, M^LlS 
Au/Ti*?)fe5niil6^^U p - n > # ^ h JS 1 2 _LIC, Au/P 

[0 12 8] 
[0 12 9] 

fcfc. i|M»#l/-1f*^©&g#igK:S i 3 N 4 , SiO r Al 2 Og, T 

o 

[0 13 0] 

o) mQ<Dmmm 

m 9 ®^£J6M©¥^# 1/ - if ^ L/ - if ^ £ |^ 

[0 13 1] 

m 1 if |jt^tf>#j§}CfcV>T. if 7 7>f7lll <D (0 0 0 1) ffi 

±IC. MOV PE^ICJ: < i: ^ 7 7 M 2 7 > K - 7*G 

aN!3S:MT'il^$tfet, ffi<Z>M 4 ~ 1 2 , 14$:{IAtfMBE^ ( 
#^$g:rtf#3r$/80 ^>HVPEi (^9>f KA«J*J«5£) WOVPEg« 

[0 13 2] 

S-ffc*****© [0 0 0 1] 2rffiHCj*£LTv*S. L 

[0 13 3] 

ZlODcb^iC, if7T^fT^«lCD (0 0 0 1) ffi±K. MOVPE&^CfcUte 



3 0 
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mfcm&¥mfcm& coooi] ^raicj&su m&m 
**asS:aE^r%»isa«*©*ffittaEfls-&*r, no o o i] jjmz&t-Bkhmvz 

a 

[0 13 4] 

^tg^-rs^nricfc^Ttt:, im-^tii9 borate, n-mm 

[0 13 5] 

(io) SHI o©|HJfcM 

[0 13 6] 

So 

[0137] 

$f*Hu Kfl 8 £t_,T&, ^3 1 — 10 0 nm©A l x G a j_ x N $: 

Mv%So o^x^o. n?&£;i£aw* ^77KH 

P^OD^^y KM 1 8 2>M&1*. V^v KM l 8 lC7BMfc££y?i2-/# 

[0138] 

02 5 fc<fcl*02 6li> mzi&^mibls-ifmttlStt&n-V^y KM 7 
> 3)§#M8, KIU, n -^1119 p - ^ 7 Kl 1 0 ®i 



ffiM# 2000-3100096 



4#¥ 11—371745 



[0 13 9] 

mz 5 iz^-r^oiz, mmmi tmm. M8© toooi] ^emiio**; 

n -fHHI 9 ©i^J^ipifcJU p-AlGaN)i)^&Sp-^7'yKIl 0© 
^^ipg{cit^T/h$ ^©T% n 9 ©JB*f^t* p-^77KH0 

[0 14 0] 

1 GaN*^&S^7f KJSl 8#7£j&£*lTV>£„ r©?7yFI18tt, n 
181CJ:»J, »3tJB8 3^&^3tf>f K» (n-lfill9) fc#«Lfc*at#«r 
[0 14 1] 

*mmmT*&. mi(ommmt.mm> mz sic^-tj^ic^Tftjfs© [ooo 

M^£^1-&n-^mMM9#^j£$nTV^©T% ® 2 6 lC^f«fc 5 JC C 

ooo-i] jf\«uzn?-(o®mtf£.v. m^njj-yitvfc.Fi—m&t.tfQm&i 

£ iE?L £ ©3*l#flMB 2 ti £ © "C , £8t^»©<£T 33 <fc Of U £ V *tt««E© Jt## 
[0 14 2] 

*2~«8©|lifi«©J:^K:»«J»8«SMQW«3i&^ , r*»'&C:«V^T 



3 2 



ffi'SEW.2 000-3100096 
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[0 14 3] 

i oiz&'tTfrztemffl^mzm? zm^z-D^xmrnht^ n-&mmmm 
somm&mizv-p^v fh o<Dm®mm£.mvx&^x : b£^ 0 n 

J:V* 0 fcfc. r*l£>©t§-a-lCfcV%T&. n -IfiSl 9 KMil IT© 

[0 14 4] 

^-r & & & ic . ^M8tpi© ¥Mikm t (D m iz n MoiitMS ^^ts 

[0 1 4 5] 

(lDmi ®^it« 

[0 14 6] 

##:l/-1f^Ji % jCKDHMffilCD^^l/— if^ilH^ IS50nm©I 
n G a Nfrb&Z&mmmZm-l-Zmykm 8 &fii;*.£ 0 
[0147] 

aNj!)^«;Sp-lS|i®Il 9 #7£f&3 *lT V%5„ p-^ttiH 9 
}il~100 nmSIt'feSri^^K, V^Ttt 4 0 n 



mH4f 2000-3100096 



11-371745 

t?&£ 0 p-iiiiii 9iz&f&2n&T9-f7*m&<Dmmizi x 1 

0 17 ~ 3X10 ^cm" 3 !!^^ U <> $I*.k£M g £ 3 X 1 0 18 cm" 3 |I F 
-^f5„ Ifflp-^fiSIl 9±lC#gftJf8#0J&3*l, §e>^340n 
mII©p-GaN)i)^^p-^7^ KM 1 0 b #7£/&;**lT V>&„ 3©p- 
^7>yK110b _LiC P -AlGaN^f)&Sp-^7>yKIl 0 tf&f&Z tiT 

[0 14 8] 

02 8^J:t)f@2 9 itmi 1 <Z)|liiMcD^#f*:^— 9*i^lc£ttS n - # ^ y 
K®6, p-3$#tSIl9, M8feJ:Ofp-?7'yKIl0bffli^ 

[0 14 9] 

02 8{C^fi:-plC, ^18© [0 0 0-1] ;fr[fiHIK *r^t>t.X^;i/^- A 
> F^BBtfXg^ffiffic, #}fcJif 8 lztfcs<Xjz.£t£^ffi^tW&%:%irZ> v -^iMM 

1 9 #7§^£*lTV^„ -5£#«S2JI 1 9 It, n-V^v FM 6 iCJt^T 
^fff^*I^/jN$V\ 0 Z<Dfetb. p-lfiSIl 9 &n-?^y F«6Klifc^T 
®3f^#*£<fc£ 0 L£#oT, p-l#fSIl 9^3"fi7y>f FJi<Z>8Sfg%£- 

[0 15 0] 

^JiM-eis, 0 2 8 ic^-r<fce>ic^7t® 8© [0 0 0-1] #i«nioa; ym* 
F^J@B©<gv>Mlc|§^M 8 KJt^T^&ilMMgfc^-rs p 

SSSl 9^^$tlTV>-5©T*. ®2 9 lC^-r«fc-?lC, [0 0 0 1] ^[nJlClE 
[0151] 

im5M8ti:pa^*^J;tfnI^0^*<t*--W^ 



ffjfl4f 2000-3100096 
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[0152] 

^mmmizn^x. n - ? 7 >y ki 6 1 P - f ^tsi 1 9 1 

AlG'aNfr&jQsyp -fttMH 9 lCjt^T*£ &£SM*f "MSr^t* £ * 9 y 
m& 1 ~ 1 0 0 nm<Z>A 1 x G a 1-x N^fflVN-S,, 3 0>^-S\ O^X^ 0. 1 T» 

fcfc, K«©#«M», KSifttfeot 

ic7£/&$ tife r * t m&ommz »; <s < -r 5 * . 

[0153] 

^*s»n-^^y K®6<D^^ipgi:i^cT*$>oT=fej;v% 0 p-&mmm. 

Mi 9 ©littn-^^^ FM6CD^M^*aicjt^T^<T : b<fcv> 0 r*i 

o 

[0 15 4] 

*fcttpM©^#mMMS:^■rs#^•^co^^Trabfe^> nS©^SSIi: 
pM^a^SMMii&l^lcTf^LTfciv^ SJIitf>|fdgM£^i 

[0 15 5] 

MSI 9^GaN^e>^$4x€>#^tC0VNTm^L/fe^, nM©^«MM^3 



3 5 
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[0 16 0] 

. ^fb^^^®*^;i/^i&^T*feti«. sic, si, g a a 

s, GaP, InP, G a N^©36$t$:M V*T =fe> <fc 
[0161] 

-?^yfiiiM^l8&tL CO 0 0 1] ^iBjflfflCnMJSSr^U [000 

-l] jjfamKi>Mm$:mi,T^2>$&ytm*<DM&. nm^mmmmm^r^tvm 
<DW&mMm*fe&^&&n*ftftm<D^fo\zisvz> (oood mzmvx^ 
i~m i <Dmmm£Rmztti&&^ 0 $e>ic MQ^m^^-t^^ytmiz 

istts (oood mzmisT%z2~m8<DmmM£BLttiz-ttii££\^ 

[0 16 2] 

££IC, VJVVmMOZ n Se fcftSiil-rS II-Vl3R-ffc#^*#S:»«> i:^ 
fc£U II-VI^fb-^%^##feJ:tKCuCl $:^il-r-& I -VII #tffc£4W 
[0 1 6 3] 

•rs^iBiT^tiii, ^M^B^^ii (oood mizmbnzzjox&te^. 

M3&)feS©®#&# [0 0 0 1] $|If£®p^c^tm#ftJ^i?&*U;L v^fcS 

*^#^<z)®^^^-*^ (hklo) ST'^ti&s^m^-e&tui, V<>#> 

fcSffi:&&T*=&, jEE«^m*^^-r^c ZLZX*. H, K;J5J:tfLte, H + K+L 
= 0&iiJ&U froH=K= L= 0 < #S<Z>8t-e&£o -hlBO (HKLO) 
®&> MxJ£ ( 1-10 0) Bfc.fctf (1 1-20) jgt^S. #(C, (0 0 0 1) 



ffiffi^F 2 0 0 0-3 1 
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[0 1 6 4] 

(B) H2©»^i 

^2©^|Jg©^<Z)^m^tt, (ill) ®£M£-rs^M#&$;*ii£©3! 

ytmzm-t&o mybmomizmmttfa (nmzmw.tt\%) iz 

mzm-rzo z\<D^otjtm%m^izit. &mmmiz&*)<m&t3mtfj&f&zftz>. 

[0 16 5] 

T % J: < . £ £ 2 oJ£/Uttf)#F?Ji £ 3 o&UtCD|gM 1 #£SJC«Ji £ tlT fcS 
[0 16 6] 

« p mm t n mm nK&2Ltiz>& : > tcgBg $ *i -s . p mm tc p 

^$tlT^*J, n«^e>nMMtC«-^#&A£*i£o 
[0 1 6 7] 

in -vmfc&m^mmzis^T. mytm&ftftfifa (Rmz^ft&xfa) iz 

lCj:U$iS£Lfe31BfcM*<Z>«&43@2tC&V^ [111] ■%faffl<Dm$L&n<. 
[-1-1-1] ffiff©«te#<£VN„ ZCDcfc^fcM&^JIlc^L, [-1-1-1] JjfoWiZ 
paiitb, [111] ^fa^lCnMM&^LTV^^ill^-lCfcVNT, ^ 

Micfe^•^S«^SBi±nMS«ff©^^pMMffiiI^cit^T{Sv^ 0 

^#F?«t3£ & m * 2> m& IC V ^ T Jf « IC 33 W £ *ffi4sHB# n MMffiff 
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[0 16 8] 

•7*m$L$>z>ws.\z-i-- m&z*i%-izj&&-? & z. tx. mm$b$k<ofz.&>iz#&*ii 
h&ftftm<Dm&^mzt$t>izi&m-tz>z.htfxgz>. r^^^m 
&zm*#pm*<D [ill] ■%\ftm<D$!>fr\z&<j&m.\s. ^t^mmm^xm 
ttpmo [i 1 1] jfmw<Dnm*im-?z>®ftiz& k 
±- m&zM?'#j3m'pa) c-i-i-i] #iRj<n©gp#ic#<7£/£u tnt&.mmM 
tpxmttpmo [-l-i-i] i$fam<Dnm£.m-t2>®$'izg><mf&-t2>o 

[0 16 9] 

««r*ic* y»^bfc»3t»tf ©S&^gaicfc^r. c-i-i-i] ;frinHB!i©®&# 

i^<, [1 1 1] «I©«#jWBv^ ZLOJ^fc^fcllftJifc^U [111]J 

i«j#f{cpMM$:^b, [-l-i-i] ■xfawizn.mmzmvx^&mytm^-iz&^x 
nftmiz^&m&^mitnmmm<nifWT>mmMizits<xm\ us 
ytm&M*nF;w&*:ii-*z>m&izi3^x&. Mi'f'ftFmmz&vfzm&Gimtf 

pMmnmhmna>miz. ^ytmizit^x^^mmmmi: 

[0 17 0] 



3 9 
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&zm?-#73m*<D c-i-i-i] j;\Him<Dm$-iz&<Bf&i,. ^r^t^mm^xm 
*#Ftm<D c-i-i-i] i$nm<D^iiW:-tz>mft\z&<mm.tz> 0 %>z>\^ k 

tpxm^xpmv [i 1 1] isfawv>&miLmirz>uft\z&<mm-*z> 0 

[0171] 

izmmm^m-r^m^ &mmmiz^ ^^M^iz^Lt^m&^miz-is^x. 

[-1-1-1] #|oHM<D«&#lS<, [111] <BI<Z>«f£#<£v^ r©«fc?&M£3i§ 

^isi^ic^u [ill] ■xmwizpMmzjzL. [-l-i-i] ■xmffliznmmz 
^Mi3^mm^mT^m^i3^^&^pm^m-r^m^<D^-tniz^x 

[0 17 2] 

zf*m$L&z>w*Fi— m®.**i%-'izmm'?2>z.tx^ mm^cDt^mz^ 
Lfc&ftM<Dm&*im*:i<*>izi&ffi-tz>z:iitfx%2>o z.<Dm^> y?-t-7*m 
e^i?^Fi*© [-l-i-i] jj\Piw<D%>ftiz&<mmL. ntc&mmmtpxm 

^RPMo [-l-i-i] j5faW<nftmt&ir&m$-iz&<j&f&ir2>. F 

■r- m&it&ttrimtipo [mi %faw<D®&iz&<m&L. *f=.\±wmm 
tpxm*#jzma> [i 1 1] jjmw<D&m£m~?2>Bftizg><mm-t2>. 

[0 17 3] 
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[111] #ftffiJ©«&#i«K, [-1-1-1] {H!!<Z)«&#{£vn 0 Z.<D&r>tem*:$& 

ytmizmL. [-1-1-1] ^ghwkpm&^u [111] isfamiznmmzm 

[0 17 4] 

zmttpmtpo [111] #ia«©tt#ic#<jgj«u &f~&mmmtpT*mi3- 

[ill] ^l^lffl!l©#®i:^-rsgp^lc#<^-rSo &sv^, F-J- 
-flMftS*^^**© [-1-1-1] #faffl©»#K:#<7g/*U £fcfcmMJS# 
ti^Fl© [-1-1-1] #l*ffl©#MBfcm-*S#C£* 
[0 17 5] 

T?*titf, »M6»©Bi*ffiJd: (111) ®fcWfcffi:£ffctcR&;tiS%©"eti:fc 
V>„ MI83feJI<Z>®#&# [10 0] «&ffirtfc^tMfi#dfc;fcJ:t*£ftfc*tfafcBi 

j£fc#l*HC»£-r<5 0 ••TJSfcfc'b, ^»^«<Z>®#lfc^-jR* (OMN) ®T*^£2 

irt, M£<fctfNte, M = N-=OfcRfc<tt*©»T?S>*. _b 
IB© (OMN) Sftt, ftfjLtf (0 0 1) ®£J:tF (Oil) ®T*&£ 0 #IC. ( 
111) B^ffi^-T^M^/flC^T. ttybN<D#MK.rnm.1il3liQK.WSL43 
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[0 17 6] 

(12) »i2 ornmm 

030 1 2 (D^MIC 35 U y S?*Bt©A 1 G a I n 

3 l£<l:tf®3 2tt$l 2©|llM©^#:U--9 f ^lCfc^€)MQW^M® 
[0 17 7] 

0 3 OlCfc^T, n-GaAsi«2 1 tt, WX&tf (111) B0igMI 
M&^'t&o n-Ga A s^faZ l±lCn-Ga Q 51 1 n Q 4g P n - A 

>y7rM2 2. n- (A1 Q y Ga Q 3 ) Q>51 I n Q 4g P;fr *>&5 n - ? ^ y K 
123, ^SitKMQW^^&M 2 4 ^JlRtC^JE^StlT V^^>„ 
[0 17 8] 

MQWM2 4H:, 03 lKlaVrj^K:. p- (Al^ Ga 0 5 ) Q 51 1 

n 0<49 P*6ft4*^FI2 4c±lC < A 1 0.5 Ga 0.5 ) 0.45 In 0.55 P * 
5Ji©flE*ISI»ffiM2 4 .afeJ:OfGa 0>6 In M P 4 JB©5f38 

M24 c^pl0f$«iS{:ffi^t5. 
[0 17 9] 

MQW*&3feW2 4JLCtt, n- (A 1 0 .57 G a 0.43 ) 0.51 1 n 0.49 P & 
3fc3?f>f KM2 5#JgJfcS4vrv*.6. *HI6«K:feV^Ttt, KOM'f KI2 5)(j5 
nM®^«M®lcffi^-tS= ##>f KM 2 5JhtC&#Jt*^ltM®2 6 
£;ftT^£o #H?iIl2 6H G a Q 51 I n 0 4g P^e>^5 1 OM0#^ 
JffcJ:tf (Al 0 7 Ga y ) 0>51 1 n Q 4g P*>Mbfc£ 1 OM©ltMM*^StC 

[0 18 0] 

MI?Plfl2 6_L&Ckfc. p- (A 1 0>7 G a Q 3 ) q ^I n 0>4g Pfr!b& 



ffiIE# 2 0 0 0-3 1 
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5/im. p-*59KI2 7©U y^/glSJilCttp-G a 0 51 I n 0#4g Pj^ 
[0181] 

p-?7>yF!2 7CDfHWK:H:, n-Ga A s^e>45n-l^n7^l2 
9#JgJ«S*U P~3>^9M2 8 ±.^3<fc^n-m^^n «y^l2 9 JtJCttp 
-G a A s p-^^7^13 0#^J&£*lTV>£ o n-G a A s S&2 

lffiT®Cnlt3 2#?£j&£*u p-^r^'yyi3 0 ©JhffilC p«^3 1 AW 

[0 18 2] 

[0183] 
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mm 


n-n* 


n-6a 0 51 ln 0 dq P 


0.3/um 


n-*7?KJ123 


n-(AI 0 7 6a n ~) 0 „ ln n AQ P 


0.8//m 


MQW 
24 


24c 


p-(Al ft ,-6a n g-) n « ln n AQ P 


50nm 


P^MH24a 


(AI 0 5*0 45 ,n 0 55 P 


#4nm 


#FJ124b 


Ga 0.6 ,n 0.4 P 


€-10nm 




""^'o 57 6a 0 43*0 51 ln 0 49 P 


30nm 






6a 0 51 ,n 0 49 P 


#1. Inin 


MP 


(Al 0 7 6a 0 3 ) 0 51 ln 0 , q P 


#1.7nm 


p-$77KJ127 


p-(AI 07 Ga 0 3 ) 0 51 ln 0 49 P 


0. 8/im 






0. 1 urn 




n-GaAs 


O.Bfim 


p-*tvT H3o 


p-GaAs 


3//m 



[0184] 

ZL©¥##L/— »fi5H4c£V*T, n-GaAsi|2 1±©^I2 2 — 3 0 

mocvds (mAfl:?mjill£) ^fjctyfla*;**,*. 

[0 18 5] 

mffimmmM2 4 a<Z>«M«ttn-Ga Asli2 l©»?gJ|[J:*yt)*t 
<KJfeSnTV^. -fctllCfcy, ffiSiif 2 4 atin-GaAsS«2 HC 
fcfLTffittjg&^rS. 5r»y^#^»2 4 b©«?)t3Rttn-GaAs3Sf2 
1 <B«^£R J: y 3 ttTV^. -tftJCty, §(51 »;M#FJS 2 4 b 

Sn-GaA s«®2 1 IZM LX3\m *J 
[0 18 6] 

03 1 ICatf #£J6«»C;i3V%Ttt, pS©f#tSItbt, n-* 

4 4 tME4$ 2000-3100096 
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#Fl2 4 bJCjt^T£l1l!l^l|g<Z>*£V*p-ft#^ KM 2 4 c*M$ntV^ 

-ft#-f KM 2 5^^$tlTVNSc 
[0 18 7] 

nS^t LTmZ-lZ S e #ffilS$MltMJi 2 4 a t£T*5(3g y 
I24bffl [-l-l-l] #|prtH&o£ yft#-f KJf2 5 «©#MS 

PM2 4 b© [1 1 1] *lft«-3*y^3if>f FI24 c«©Jit® 
[0 18 8] 

#2SJ6«-eMu MQW»3tM2 4«f»©*"-?#^lirWKlB5bT#^Ji2 4 
b««gi5R*;S&*U »ii2 4a*«£E||Sm«feft, »H2 4a|Cli# 
Fl2 4 b fctt£#©*&4gW##£"r*. -ttlJCfcy, MQWM2 4©I 
*/I/3f-A> KtCfcv^T, PH12 4 a©:i:-*/I/3r- A> F©4gffl# [111] 
*filflf*< [-1-1-1] ^iWKJfc^TifiK *J* #Fl2 4b©x^^-;1>F 
*f@5«:. [-1-1-1] #l«HH!l# [111] #f«rtiUcifc^TflK&So 
[0 18 9] 

fcnM^fcE^ilfCJ; y§l»y^#^»2 4 b0ifi^l»>tS„ ^©MJH, 

[0 19 0] 

(13)113 <Z>£ftM 
S3 3tt*»W©»l 3(D|&§gM&C£tt£Z n S e U-ifiH^^tii 
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(MQWil) &ft5MQWi3II5:ttS. M 3 4 33<fcOT3 5 tefg 1 3 0 
[0191] 

03 3 1C£^T, n-Ga A slt4 10 (11 1) Bffi_hlC, n-GaA s 
^6*5n-^l;tyy7 7l4 2, n-Z n S e ^f>45 n-^2;t»/77l 

4 3, n-Zn og Mg 01 S 0>15 S e 0-85 **&fc* n- * 9 y K«4 4 , p- 
Z nS 015 Se 0<85 i^)5;5 p -5£#«Mlf4 5 J: XfM Q 4 6 tfJBlc 

[0 19 2] 

MQW|g}fcM4 6 03 4 IC^-T ZnS 01 Se o g )i)^/j:55M 
<D5f^yMI^MM4 5 a t5£Z$Z n Q7 Cd Q 3 S e)!)^^S4l©flEil#F 
14 5 b*^5lC^M$tlT^-5> 0 
[0 19 3] 

MQW$g}fcJS4 6JtlCtiu n-Z n S QJL5 S e 0 85 3ii^&5n-fiiil4 
7££tf p-Z n Q Q Mg Q : S 015 S e 0 85 3()^*5p-^7>y KM 4 8 

[0 19 4] 

P-^77KI4 8®'J y^SGJtfCft, p-Zn S e^f,*Sp-n>^ h 
14 9#jgj*3*i, p-*^y KM 4 8®'J ^s;aS;J3J:tf p-3>** hjg4 9 
©PHSfcttS i0 2 !5 0#7£f££*lTVA£o n-GaA sif4 lCDTKn 

nms i&i&f&i<n. P -n>#* km4 Qjiis&zfs io 2 is o±{c P m@ 

5 2 ;ftTV^ 0 
[0 19 5] 

[0 19 6] 
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[5*2] 







mm 


n-B1 a* 977J142 


n-GaAs 


1 urn 


n-£2/\* 977^43 


n-ZnSe 


1 /im 


n-$7?KP44 


n_Zn 0.9 Mg 0.1 S 0.15 Se 0.85 


1 #m 




P~ ZnS 0 15 Se 0 85 


30nm 


MQW 
46 




ZnS n 1 Se n Q 
u. i u. y 


#5nm 


#FJ146b 


Zn 0 7 Cd 0 3 Se 


£-5nm 


rH£#mMJ147 


n-ZnS 0 15 Se Q 85 


30nm 


p-$7?KH48 


P- Zn 0.9 Mg 0.1 S 0.15 Se 0.85 


1 //in 


p-XWHW® 


p-ZnSe 


0. 5jum 


Si0 2 P50 


Si0 2 


0. 5 /urn 



[0197] 

03 4 iCa^^fC ^JfcWCfeV^fcJu n-^77Kf 44}Cit^TM 
^(@7bVh£<a^BI^«I^M4 6 afi <fctfffii!fM#FM4 6 b K&^xmW 
&m<D*&& p -Mill 4 5 £ H =fc P - 9 9 >y KM 4 8 IC 

lt^T^f!l^i|i*Vh$<^o5[Sl i ;M«M4 6 afij:t;ffiil#pl4 6 b IC 

ft£UT«*liC l#5l»y£BMM4 6 a i£T'ffi!$M#^M4 6 bCD [-1-1-1 
] TjfcHlhs* 1 ; p-^^y KM 4 8 «©JMBi: K-^tW P 

M*tt*i:LT#*tf£*#5I3RyM»£M4 6 a«tEtiStFl4 6bo[ 
ill] *fl|5i»Jn-^v KM4 4W©#iB*:*r#-<5»#K:#< K-^S 

[0198] 

J&fe, MQW»3tM4 6tt»©aT"#F®WlcMUT^J5M4 6 
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Fl4 6 b i:ttM0t^S«t5 0 -^tliCckU, MQW583 I fcM4 6©X 
KJCfcv^. 6 a Ktf)£J@B«u [111 

] [-1-1-1] ■%faWlz&s<Tm <t£V. #fI4 6b0x*;^-A> 

K<D^@Htt [-1-1-1] #|SJ«* [ill] #lMlCit^Ti©<;&5., 
[0 19 9] 

[0 2 0 0] 

[0 2 0 1] 
(14) fl4 

03 6-04 Oteffll 4 (Z)^iS6^flCfeW>2>^^l/-if^O)igjt^5:^b 

) , (b) ^iM^mmi^mm^tlr=.MQ^^m%m<D^tl^nmizmmm^^m 
&.&i¥mm. m3 9i*Mi*mmm&a>MQwftybm<Di&izmmm. @4o©i^ 

[0 2 0 2] 

t-f. 03 6lCatf 01 9 0X^i:l^#lCL/T, t77-f7S«l© 
(0 0 0 1) li±{C, MOVPESiCkU, ;t-y77l2, 7>K-7GaNi 

3. n-3>^^hl4, n-*^y *R&iLM5, n-^7'^*i6, n - ? ^ 

v KM 7 J3J;tJfMQW^M8 £f&;g£i*£„ 
[0 2 0 3] 

03 7tC^-r<fce)^ MQWfBfcM8&i, ^t5C©ltMM8 a £^i&tf>*^-#F? 
I8b £ tf^S iCiRJi 3 *lT& So MQWM8A©^© K-tf>^^ 
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[0 2 0 4] 

mz. ms 8 iZ^k-t «fce>lC iS>f^>^-A (FIB) ^ic^y, MQW#§ 

F I B iCfc Vm^f~Bft<DmitmZ&2 0 nmtlttS. 
[0 2 0 5] 

*(D&, ® 3 9 lC^ti-J:e»lC, 8 5:7> K-^G a Nl 8 c T'S 

[0 2 0 6] 

04 OtC^tJ^Kl, MQW^^M8 0_hlC, 0 1 9 (DJlMH M^iZ 

it, MovpE^au, n -aeareaui 9 , p-*9* kii o&i:tfp- 

[0 2 0 7] 

^mmm<D^mi^iy— vm^x-it. i^iiii$:ttsMQw^i 8 oiz 
9 zmm-t &t£%iz. *t±oigs^s^ ia tc m vx^mm^m- \z f- ^ 

[0 2 0 8] 

±.o>m^^ismzmhr^ 0 m^wm^®.. M^mmo^m. M^mmomw; 
^icty, mfa<DffiftXfaizm®mm&m&-*2>m&tf2bz>o z.<D&o&m&iz 
4*>®.Am<z>jj&T\ m&offiftjsmzmvT v-\zy>ftti%-\z?n 

[0 2 0 9] 
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t-SZLfctf^So 
[0 2 10] 

■tzxmnvT^mmz v-zft&^mnmz, 3S«^©«^»k:j: yr^ 

[0211] 

PIEZOELECTRICITY Vol. l(New Revised 
Edition) by W.G.CADY Dover Publications, Inc. New York 1964 %£(D~XWhL L/ 
fctfoT, tm^Sr £#T*£S„ 
[0 2 12] 

iWi£LT^a|I|]f£3-fr£ 0 ISttK&<Z>&«(lfttt, Xtt^f tttCJ^y, Yffttfyitft 
[0 2 13] 

tt^xtttc^u. z«t^ z Sirica s„ 

[0 2 14] 

^;i/^^M^^T*tt. Xtt%M£<Z> [2-1-10] ttfcU Y$|&£ [0 1-10] 
ZHS$: [0 0 0 1] ttii-r*. WM»«a*g&TMu Xtt&igfi 

© [10 0] Wfc.U YttS: [0 1 0] «iU Z|«& [0 0 1] «iit5. 

[0 2 15] 

£ xy il l» jEE^£M$ (piezoelectric stress coefficients ) £ e e 33^ e 

15' e i4^*'> 
[0 2 16] 

13 aggmsa «fc e> & a#©#»*3t« <fc izm&tQ 
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mi*2MJ5fa<Dfr®P z IZ&fflL. £ xx = e yy , e yz = e xz = e xy =OT^»;, 

e xx^ £ zz ®*aF^*<***- 
[0 2 17] 

*/I/y*££«gETfcJ\ z«I^|Bl©^P z fcMfc5£T**3*lS. 

o o o 

P z =£ xx cos ^^ e 31 cos ^ + e 33 sin /S — e 15 sin £ ) + 

2 2 

£ yy e 31 cos/S + e zz cos/3 ( e 31 s i n /S + e 33 c o s £ + e 15 s i 

p 2 2 2 

n £ ) + e xz s i nj3 (2e 31 cos 0 — 2e 33 cos )S + e 15 s i n 

/S) • • • (1) 

z«[^lRl©SMP z ±3% (1) ^^/ x y«SS!ISfiT 

^SB^^L^V^o LfctfoT, Btf^bfei:e>lC, — «s£ (HKLO) ® (H. 
K£«fctfL&, H + K+L=0SfJSU ^H=K=L = 0 5:|< ft;ttf>f£) 

[0218] 

WMmi&M^ET*tt. zffi^l6l<D^P z te^T'^tStlS,, 

p p 

P z =£ xx e 14 sinacosacos/3(cos £ — sin /3 ) — e yy 

2 

e^^sinacosacos/3+3 £ 2Z ej 4 sinacosasin /Scos 

p p 

/S + 2e yz e 14 (cos a— sin a) sin/Scosj8 + 2e x2 e 14 si 

2 2 2 

nacosasinjB(2eos jS — sin /S)+2e xy e 14 (cos a 

-sin 2 a) (cos 2 /S-sin 2 j8) •-• (2) 

Ji5§S (2) *m?>, MM»<KS3Ha*et4. ^SMa^O' Jttt9 0° £fc 

LfctfoT, Btf^bfecfc-plC. -gg^ (OMN) ffi (Mfc^tfNtt, M = 
[0 2 19] 
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&M&Wt <DM&* LANDOLT-BORN STE I N Numerical Data and Functional Relati 
nships in Science and Technology New Series Group III; Crystal and Soli 
d State Physics Vol. 17a, Edited by 0. Madelung, springer-Verlag Berlin- 
Heidelberg 1982 ^&CiB^£*lTV>£„ 

mi] 

mom i ~m 8 ommmiz & n %> u - ^fm^(Dm^^W:^^ 

[02] 

o 

[03] 

o 

[04] 
[05] 

m2<Dmmm<D^m^u-^m^izt5Vf^>MQ^r^m<D^)v^-Ay K0 

[06] 
[07] 
[08] 
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